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ABSTRACT

Magma is invariably generated through partial melting of existing rock. The most effective and realistic means
of melting in the mantle is by convection of rock above its solidus and in continental crust by melting in the
wallrock of intrusions from the mantle.

Extraction of melt from a partially melted assemblage probably occurs principally over small areas as a
result of diapirism and over large areas by intercrystalline flow of compressed melt into fractures. Initial
diapirism carries the entire source mass, allowing melting to reach the critical point (25 to 50 percent) where
repacking of the solids allows extraction during, not before, ascent. Smaller amounts of melt can be extracted
only if the network of solids is deformed to fill the potential voids left by the melt or, if over a large area,
the initially compressed melt expands into fractures. The coalescence of droplets of melt seems possible only
in special flows with special configurations of the melting phases.

Diapirism, stoping, and dike propagation are the principal means of magrna ascent. Each process is
constrained by the fact that magrna must be transported fast enough to reach the surface while partially
molten. Heat transfer, coupled with studies of dynamics, has yielded several rules; for example, successful
diapirism is multiple-diapirism, stoping magmas easily become congested with blocks, and dikes must travel
about 10,000 times faster than diapirs.

Generation of significant amounts of granitic magma from intrusion of basalt into continental crust is
difficult, unless the volume of basalt is large or unless through repeated ascent of basalt it maintains its
passageway at a high temperature. The latter event can have a profound effect on the crust and can trigger
regional crustal instabilities and reorganization. Melts produced in the wallrock of passageways can erupt
from a common vent area, producing a zoned pluton or lava series having a spectrum of both mantle and
crustal sources.

Whether a magma becomes a pluton or a lava is intimately tied to its composition and cooling history. All
lavas have less than about 60 percent phenocrysts, which implies that beyond this critical crystallinity they
are too viscous to erupt; this critical amount decreases with increasing silica content of the magma. Beyond
this critical point the magma forms a pluton. In addition, because crystal production is nonlinear with
decreasing temperature, the most probable temperature at which to find magma is when it is about half
crystallized. Because granitic magmas reach their critical crystallinity with less cooling than basalts, they are
more likely to form plutons, whereas basaltic magmas (with all else equal) are more likely to form lavas.
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